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Abstract Recent data from heavy ion collisions at RHIC
show strong near-side correlations extending over several
units of rapidity. This ridge-like correlation exhibits an
abrupt onset with collision centrality. In this talk, I argue that
the centrality and beam-energy dependence of these near-
angle correlations could provide access to information about
the Quark Gluon Plasma phase boundary and the Equation
of State of nuclear matter. A beam-energy-scan at RHIC will
better reveal the true source of these correlations and should
be a high priority at RHIC.
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1 Introduction
Correlations and fluctuations have long been considered a
promising signature for Quark Gluon Plasma (QGP) forma-
tion in heavy-ion collisions [1–4]. Early proposals for QGP
searches suggested searching for a non-monotonic depen-
dence of fluctuations on variables that can be related to the
energy density created in the system—e.g. center-of-mass
energy or collision centrality—the expectation being that
above some energy density threshold, a phase transition to
QGP would occur. The presence of the phase transition to
QGP would then lead to a change in fluctuations and corre-
lations.
These early expectations regarding finite temperature
QCD are bourne out by lattice QCD calculations [5, 6].
The calculations show that for temperatures above a criti-
cal value of 195 MeV, a QGP is formed. Lattice calcula-
tions also show that baryon number, strangeness, and charge
fluctuations are all enhanced near the critical temperature
TC [7–9]. As such, correlations and fluctuations remain a
topic of interest in heavy-ion collisions.
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Data from the experiments at RHIC indeed reveal inter-
esting features in the two-particle correlation landscape [10–
19]. Specifically, it has been found that correlation struc-
tures exist that are unique to Nucleus-Nucleus collisions.
While two-particle correlations in p+ p and d + Au colli-
sions show a peak narrow in azimuth and rapidity, the near-
side peak in Au+ Au collisions broadens substantially in the
longitudinal direction and narrows in azimuth. The longitu-
dinal width of the correlation appears to depend on the pT
of the particles. An analysis of the width of the peak for par-
ticles of all pT finds the correlation extends across nearly
2 units of pseudo-rapidity η [11–19]. When triggering on
higher momentum particles (pT > 2 GeV/c for example),
the correlation extends beyond the acceptance of the STAR
detector (η < 2) and perhaps as far as η = 4 as indicated
by preliminary PHOBOS data [11–19]. Furthermore, STAR
has found that these correlations show an abrupt onset as a
function of centrality [10]. Comparing measurements at 200
and 62.4 GeV, STAR has shown that the onset happens at
the same value of transverse particle density for the different
energies, suggesting the onset of the long range correlations
may be related to a critical energy density.
2 The ridge
The ridge is a long-range correlation unique to A+ A colli-
sions that exhibits an abrupt onset with increasing collision
centrality. Phrased this way, we could conclude that this is
the long sought after “smoking gun” of QGP formation. But
the excitement one would expect from such a discovery has
been tempered due to conflicting interpretations of the na-
ture of these correlations. Disagreement exists as to whether
the correlations are related to QGP formation or whether
they in fact disprove the existence of a thermalized medium.
Questions surrounding the ridge-like correlations include:
are the correlations related to non-perturbative multi quark
or gluon effects on minijets in Au+ Au collisions [22]? Are
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Fig. 1 Left panel: Lattice QCD calculations of the QCD equation of
state. Right panel: A preliminary STAR figure showing the amplitude
of the near-side ridge-like peak (described sometimes as a mini-jet
peak) as presented in [20, 21] by special permission from the STAR
collaboration [10]. The near-side correlations are parameterized with
a 2-D Gaussian. The amplitude of the Gaussian peak is plotted in this
figure and referred to as the mini-jet peak amplitude
they related to soft gluons radiated by hard partons travers-
ing the overlap region [23]? Are they related to initial spa-
tial correlations in the system converted to momentum-space
correlations by a radial Hubble expansion [25]? To beam-
jets also boosted by the radial expansion [26]? Or to vis-
cous effects [24]? And do these correlations disprove the
assumption of a system thermalized over some extended re-
gion [10]? These questions still remain to be answered.
Figure 2 shows a schematic illustration of the expansion
after a heavy-ion collision with an emphasis on the lumpi-
ness of the initial conditions. If the ridge is related to the
translation of spatial correlations into momentum space cor-
relations through radial flow, as illustrated in the figure, then
the onset of the ridge could be related to a rise in the pres-
sure over energy-density at the critical energy density for
QGP formation. At that energy density, the liberation of
color degrees of freedom in the system could lead to an in-
crease in the pressure which in turn could lead to the flow
that makes it possible to image the underlying spatial cor-
relations in momentum space. It’s not clear that hydrody-
namic models will be able to reproduce such effects and the
process by which the QGP transforms initial spatial correla-
tions into momentum space correlations could be quite dif-
ferent than envisioned in such models. Figure 1 shows lattice
QCD calculations of the equation of state [5, 6] on the left
and the ridge amplitude at 200 and 62.4 GeV vs centrality
measure ν = 2Nbinary/Npart on the right. When plotted vs
transverse particle density related to Bjorken energy density,
STAR finds that the abrupt increase in the ridge happens at
the same density for both 200 and 62.4 GeV collisions [10];




Above the transition, the ridge amplitude grows faster
than Nbinary scaling. One analysis finds that when mea-
suring the correlations between the leading and subleading
hadrons in an event, the area of the ridge scales with the area
Fig. 2 A schematic diagram of the evolution of a heavy-ion collision.
Possible correlations and fluctuations in the initial conditions are em-
phasized
of the background [27]; perhaps suggesting that the ridge
correlation is related to a bulk correlation (a global correla-
tion between all particles). It is also found that the baryon to
meson ratio in the ridge is similar to the bulk and that the pT
spectrum of the ridge is softer than for the jet-cone correla-
tion. In fact, the only feature of the ridge that matches that
of the jet cone, is that it is centered at φ = 0. For this rea-
son, one may reasonably doubt whether the ridge is related
to hard-scattering.
There are also observations that may prefer an explana-
tion related to mini-jets or hard scattering. The ridge per-
sists even when correlations are formed with trigger par-
ticles well into the fragmentation region i.e. above pT =
5 GeV/c where particle production is dominated by jet frag-
ments. Also, the yield of the away-side ridge follows that of
Eur. Phys. J. C (2009) 61: 829–833 831
the near-side very closely; perhaps indicating back-to-back
dijet-like correlations [10].
3 Energy dependence
A more extensive beam energy scan can help determine if
and how the abrupt onset of the ridge is related to the onset
of deconfinement. A beam-energy-scan has been proposed
at RHIC and technical preparations have been made to col-
lide beams at √s
NN
as low as 5 GeV [28, 29]. In a recent test





= 9.2 GeV after just several hours of beam-
time. Collider experts anticipate increasing these event-rates
by approximately a factor of 5. The number of events re-
quired to carry out the ridge analysis shown in Fig. 1 (right)
is on the order of 10 million events. These data samples can
be achieved in less than a week of running for energies above√
s
NN
= 25 GeV. At 12.3 GeV, 10 million events will re-
quire approximately four weeks of running to acquire. This
makes an energy scan of ridge phenomenology from 12.3 to
62.4 GeV feasible at RHIC.
Dumitru et al. [20, 21] propose an explanation for the
ridge based on Glasma flux-tubes. The flux-tubes them-
selves would not yield a narrow azimuthal correlation but if
they are radially boosted, the emitted particles can be col-
limated in azimuth leading to a ridge like structure. This
explanation of the ridge yields a prediction for the energy





so that the amplitude of the ridge should be gov-
erned by the centrality and energy dependence of Qs mod-
ulated by the effectiveness of the space-momentum correla-
tion. In [20, 21], blast-wave model fits were used to deter-
mine the mean flow velocity. Since the blast-wave fit para-
meters vary smoothly with centrality, it is not possible for
that implementation of the flux-tube ridge model to repro-
duce the abrupt onset of the ridge. The blast-wave fits to the
final hadron spectra do not necessarily accurately reflect the
dynamics of the collision evolution however, so the lack of
an abrupt transition in the model may simply reflect a weak-
ness of the blast-wave parameterization and of the assump-
tion that the QGP evolution is well described by hydrody-
namics.
In Fig. 3 I plot the ridge amplitude as predicted by the
model in [20, 21] as dashed curves. For this prediction, the
following parameterization of β is used:




For the solid curves, I’ve included an additional ad-hoc tran-
sition to illustrate how the ridge centrality and energy de-
pendence would look if a sudden decrease in the flow oc-
curs when the energy density in the collision drops below a
Fig. 3 The ridge amplitude from a model of glasma flux-tubes and
radial flow. The dashed lines are based on flux-tubes and a blast-wave
model. The solid curves in the top panel include ad-hoc abrupt tran-




as suggested by preliminary STAR
measurements. The exact location of the transition at lower energies
is highly dependent on the calculation of S as illustrated with the alter-
native energy dependence shown in the bottom panel
critical energy density. This is not a prediction of the model
in [20, 21]. This decrease could perhaps be masked in data
by effects from the hadronic stage. The fact that the blast-
wave parameterization of spectra in p + p and peripheral
Au + Au collisions yields a non-zero value for the parameter
associated with flow, does not necessarily imply flow occurs
in those centralities. The parameterization used in Fig. 3,
assumes that the flow “observed” with the blast-wave fit is
spurious. For this transition, I follow the observation from





. I then extrapolate the observed cutoff to lower ener-
gies. This transition is strongly dependent on the centrality
dependence of the overlap area S. For this estimate I use
S = R2(θ − sin(θ)) where θ = 2 cos−1(b/2R) and b and R
are the impact parameter and nuclear radius respectively. In
this case, the ridge persists only down to √s
NN
of approxi-
mately 39 GeV. Below that, the transverse density is below
the minimum even for the most central collisions. Alterna-
tive calculations of S such as S = π√〈x〉2〈y〉2 yield quite
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different results with the ridge persisting to much lower en-
ergies.
The flow velocity is only weakly dependent on energy
so the variation of the ridge amplitude with energy is dom-
inated by the change in Q2s ∝ (√sNN )0.3. This gives a ver-
ifiable prediction for the energy dependence which is inde-
pendent of the details of the centrality dependence. This en-
ergy dependence can be checked at LHC and in an upcoming
beam energy scan at RHIC. In the case that the imaging of
the flux tubes is made possible by space-momentum correla-
tions induced by liberated color charges, then an energy scan
of the ridge can be used to map out the phase boundary of
the quark-gluon plasma. Given the observation of an abrupt
onset of the ridge, this project should be a high priority for
RHIC.
4 Beam energy scan
A beam energy scan has already been proposed at RHIC.
One of the motivations for the energy scan is to search for
signatures of the QCD critical point. According to lattice
QCD, at zero baryon chemical potential μB = 0, the transi-
tion from hadronic matter below TC to QGP above TC is a
smooth cross-over. At higher μB , model calculations indi-
cate that the transition is a first order phase transition. The
critical point lies where the smooth cross-over changes to a
first order phase transition. See this list of [30–42]. Detect-
ing the presence of the critical point depends on the abil-
ity of experiments to create matter above TC at larger and
larger μB . Accessing larger μB can be achieved by decreas-
ing the beam energy. The question of whether the matter
Fig. 4 A sketch of the phase diagram of nuclear matter. An estimate
of the region covered by RHIC is indicated by the tan region. Three
Lattice estimates for the location of a critical point in the diagram are
also indicated
created at high μB (low √sNN ) still reaches a temperature
above TC is not known. Figure 4 shows a sketch of the QCD
phase diagram with the region accessible in a RHIC energy
scan outlined in blue. The region covered by RHIC encom-
passes several recent estimates for the location of the critical
point from Lattice.
We note that observing correlations over a large η range
instead of short range correlations is consistent with the tran-
sition from QGP to hadrons being a smooth cross-over rather
than a first order phase transition. One anticipates that a
first order phase transition at freeze-out will lead to bubble
formation and correlations typically smaller than η = 1.
Instead of these short range correlations, we observe cor-
relations that seem to arise from the conversion of initial
state, spatial correlations to momentum space correlations
via strong pressure in a QGP phase. A ridge-like correla-
tion is therefore consistent with a QGP phase followed by
a smooth cross-over. The build-up of short range correla-
tions at lower beam energies is a promising signature for
a first-order phase transition. This points to the importance
of large detector acceptance and 2-D correlation measure-
ments in the search for the critical point—the point where
the phase transition changes from a smooth crossover to first
order phase transition.
The observation of an abrupt onset for the ridge provides
an added motivation for conducting this energy scan. Sev-
eral of the promising explanations for the formation of the
ridge indicate that the onset of the ridge should coincide with
the development of large pressure gradients. This increase in
pressure at a particular energy density could be related to the
QCD equation of state and therefore may be the most direct
observation of the EOS accessible in heavy-ion collisions.
The correct physical explanation for the ridge is still un-
der debate—but having observed a long range correlation in
heavy-ion collisions which shows an abrupt onset at a given
energy density, the logical next step is to perform an energy
scan. In this scan, the amplitude, longitudinal width, and az-
imuthal width of the ridge and critical density for ridge for-
mation can be studied.
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